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The LEM PTllEI problem aseoclated with the arcent q l n e  etart- 
qp I s  being i&rrtigated erperlmentally and analytically. 
report prteente the anrlytlcal and cold f lov t e a t  re6ultr Crbtalned 
to date, end outliner the directiau for future work in this area. 
Earlier work lncludlag a dercriptlan o f  the sll;perlmantal setup wae 
given In report LED 5 D l ,  dated, 3 Aprl l1963.  
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(1) Dametream venting of the ascent engine exhaust &awe through 
the 8mulw between the descent ePgine skirt Md inner w s l l s  of the 
dercent i r  very effactlrob. Ament noczle flow aeparstiom wae 
not incurmd In the cold flav tes te  with a vent area of 1240 in2 

b ! J O  thaa.1 2 the nocue exit v ~ l l  pressure. mu the 1240 i n  waa 
far In exam8 of the venting arca required to prevent nozzle flow 
separstim. However, t h i e  configuration l e  no longer sppllcrble t o  
the LEM because the descent stage heat ehield and cnuhing ef the 
akW in  a lunar landing would make the downetrean area unavailable. 

(2) Preliplinary cold flow tert reeults for  aide vent- through the 
grp betwen the st.geo With r flat plate flow deflector a t  the top of 
the descent atage Indicates a ahalmun 6-e reparation heist of 
approritpiotsly 5 incherr is rquired t o  keep the shock Jut downstream 
of thn pat nomle uit. lmlr 5 incher cornrpoPldr to  opprorinrstuly 
lo00 in  of vantirrg -e S I& mntiag between the 6t.ger vithout the 
flw doneo4wr HI iaund to -re 16 inaher a w e  w p u r t i a a  height 
to prev8at Mcc#rt no8Jo -tioar. Berider being mors effective the 
flow d4flscfar k w r  tho -t gsrer out of tho deecent engine cun- 
pmtawnt urd elhlnater the need for ablative material ca propellant 
f eed l ine r ,  a v e r ,  etc. 

(full--). With thio area, the ascent base prersure was k ?? to 

(3) 
because of the above dvanwr, and four porting ducts through the 
descent 8- l o a -  darmrtrcrrp of the top of the descent engine. 
2OOO in2 or port area l e  a~mll&le. This is felt  t o  be mare  than ade- 
-%e, di could goclribly be rdlucsd, since the effectiveness of this 
confl@are~oa i r  eqm?ted to l i e  between thrt of the dawnstream venting 
and bebrsraLthe-rtrgsr vent- caaflgurationr. 

Raaent directlorr for t& coniigurstian is tcrwaJ.d a i l o w  deflector, 
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C o l d  f l o w  b e t -  was acccarpllshed wing nitrogen as the 
*fit fluid ( 'II &4), 7:l area ra t io  aecent nozzle8 (aontour and 
conical), and a 1/10 ecale dement e w e  with constant hexagonal 
c m e  section 88 in the Id#! proposal. Teets run with the contour 
noezle include dawnstream ventlng over the deecent engine and out 
through the annulua betmen the engine and stage w a l l s  (Figure lb), 
and side vent- between the eteges without any f l o w  deflector 
(Hgure IC). 
the ratages both with (Figure I f )  and without a f l a t  plate  f l o w  
deflector placed on top of the descent stage. 

C o n i c a l  noa&le tsete  included side venting between 

Teat reeults obtdnad with the conbur nozzle were influenced 
by the appearance of a atrosrg l n tema l  conical ehock eminating 
Arrn Within the nozzle. %e baelc chock etructure, Shawn schemat- 
1caU.y In Figure l(a,b,c) w8e detennlned fram Schlieren photographs, 
and was fcrund t o  be independent of the deecent e w e  configuration. 
Indications that  the origin of the shock eystem was due t o  an over- 
turn- contour effect  were the presence of the shock (Flgure l a )  
when the descent 8- va6 removed, and a total pressure survey a t  
the aecent noe&le exit. The reeulting Mach nmber profile, shown 
i n  Figure 2, show8 a sharp reduction In Mach number which can be 
attributed t o  the internal shock. The effect  of t h i s  shock was t o  
raise the noeele exlt  s t a t i c  pressure a t  the w a l l ,  and t o  subse- 
qmntly forestall nozzle flow separation. Hence, full nozzle flow 
was accauplished with less  side venting area for  the contour nozzle 
than for  the shock-me conical nozzle with the same exit area 
ratio. Catparatire aide venting results for  the cantour and 
conleal meelee are Shown in Figure 3. 
preeeure obtained I s  similar,flov separation takes place with We 
conical nozzle because of the lawer wall static pressure. 

JUtbugh the level of base 

A c-e in the ehrrnlr system wae observed for the conical 
n0asl.e BB noted In Flgurss Id and le. When the flow was over- - ( Pe < pa) a && shock ayetean, originating f r a n  the 
nozzle l ip ,  VUI &aerved. Ime noamal shock e b o d  coaslderably 
clolrer to the deecent errgins than in the camparable side venting 
caaiQuratlaa vith the cantour nozzle. 
the descent engine, remltatd when the base -8- wa8 reduced. 

A baw we=, very close to  

A sharp reduct- in requlred elde venting area resulted when 
a flat plate VOB placed am.r the top of the descent stage. The 
plate acta BO 8 n<ki deflector In turning the flow outward, there- 
by consemlag a m t e r  perccnkse of the manentum within the jet. 

O R U M M A M  A I R C R A C T  I N O I N f f R I N O  C O R P O R A T I O N  110.71 
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1. Configuration with four venting parte: 

!!!his mmf%@&mtltxl v.8 amly8ed at  -, based on a 
ri@ified nat rar~lnl shown schanatica~y in pieure 4. me 
0b~ectim13 oi ths auelyair were to (a) “ b a ~  pub” the re- m pll.t ar-, (b) -1caUy detenaine the effect of  8 
to p ~ ~ l &  uorrrlrtlon for the uold now t e a t  results, and 
( c ,  deteraim t b  effect of gemfrlc variables such as lo- 
cation o? t& b8cent w ard blockage preeented by the 
engine md a c c e a d e s .  The primary limltatlons of the 
CmrlyWs’am bslieved to be the aeawtlasre of -dimrulsional 
fluu a t  the nomle exit, a twrrdlmeneionsl Instead of ari- 
eymotrb shocl -tan, aad con8t.nt etatlc prerrsure for both 
rtrOcm# equal to the bsm pn8.ura. Furtb.rrpoil.c, the port 
erea Qalmrlrkd l a  UI effbctlvu ares snd b e e  not include the 
efibtrte of erit ila directlaa or the discharge c a f i i c i e n t  
flwtherourpertlm. 



P m  6 aham the effect o f  Mpuatian diotence, "A", 
between the &aceat 
Ibe effect Is M at  l ow ament base p r e s m ,  whereas at  
0.4 pria 8 chuge in location tkvx~ 17.4 Inches to 6 inches 
rawti3 i n  qpromw a 

and the arcent nozzle exit plane. 

increase in rtquired area. 

The effect of BLockege due to the engbe valve package, 
pmpellmt lines, etc. w telren into account by increaring 
the deecmt en&e &itmeter, and therefore does not Include 
lhe effects 01 as;-trJ; vhlch would be present In the actual 
angin8 inetallrtioo. The results, shown in Figure 7, indi- 
cate a noglig.blr effect dw to blockage a t  lav ascent basc 
pzwrsure, 
there l a  8806 a d d i t i d  blockage. 

a 8.59 port area increaw at 0.4 peia when 

The major efioolf for this analysis yo8 epent in estl- 
anat- the effect of 8 ,  80 that va l id  ertrqmhtlon of the 
cold flow teet resultr to ths rocket engine conditions might 
be accr,apli&md. Ilhia c o ~ i e t 4 d  of nozzle erft Mach 
nunber am3 chamber preosrurs fir 3 4.30 and 1.40, while main- 
z a u  the oape gemetry dawnstream or *e arc+ot nozzle exit 
as in the LllM c w t l o n .  The canbination of Mach number 
aad chamber prerswe resulting in the same a8cent base pressur@ 

1 4.22, P*GO pais) were thon ftnmd. 
ShCMn In Figure 8, (a) for 8 4.30 snd (b) for 8=1.40. The 
c w m s  an bounded by tw> l in i ta;  the limit at  the left be- 
ua@rte qmaaion in the aecmt noeile ard tbe second limit 
WUcatee  tht agpraJdmate point of nosrile e e p a r a t l m  ror the 
te6t caaditiane. 

and pot* area 88 for the rocket an@lne c ~ l t l a n s  (s4.35, 
These results are 
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indicated by Oathert's scaling parameter, the actual t e s t  
Mach m e r  cornsponding to the 7:l conical nozzle was 3.53, 
end most of the data wae obtained a t  38 psi8 chamber pressure. 
However, the lower test Mach n&er can be corrected by ad- 
juetlng the data t o  the corresponding chamber pressure of 
18 psia. As shown by the test results, the level of test 
chamber preseure doe6 not markedly affect the flow fleld,  and 
therefore adjueting the test results by the r a t io  of the 
required to the  sctusl  t ee t  chamber pressure is felt t o  be 
valid. 

2. Conflguration with bide venting between the stages: 

me Martin Coo aaalyzed this configuration, which included 
a flow deflector plate and ventins area provided by Btage 
separation. 
the Martin-Titan II inters- ccrmpsrtment as possible, t o  pro- 
vide ma;rirmrm conf3dence in their analysis w h l c h  was found to 
euccessf'ully correlate Titan I1 data. 

mis coafigurcrtian was made t o  look as much l i k e  

Tbe method wee  emrpirically derived correJ.ating factors, 

The port 
which for were &68\p1L4d t o  be the s~me a6 those derived from 
"Itan 11. 
area or stage saparstion height i 8  seen t o  be sensitive t o  
ascent base prsrsure. 
dapendent upon the accuracy i n  estimating the nozzle exi t  
pressure a t  the w a l l  which I n  turn determines the meparation 
back pressure. Nozzle separation pressures are sham for a 
range of possible wall exit pressures, which a t  t h i s  time i s  
an uncertainty becsuee an ascent nozzle design h8S not been 
frozen. 

The results are presented i n  Figure 30. 

The adequacy of the design area is then 

3. Configuration with dcRmstreem venting: 

G r u ~ m u ~  and Martin win8 different approacher. I n  G~nmran's 
analysle the amsat barn preeaure was assumed t o  capltrol the 
expepsion of the exhaust g e m s  t o  sane Mach number distrlbution 
a t  the detached shock wive tatanding u p t r e e m  of the descent 
englne, .aB hence fhe d a n e t n a n  total pressure recovery. This 
in turn, after camsidering looses ard flow f l e l d  due t o  
the ehocke off the descent engine skirt, would result i n  a re- 
quired vent exit a2-w. OF conversely, $t WEB a6Bumed that the 
exit area would est.hli& the aecent base preprsure. 

The domutream venting configuration WBB analyzed by 

Mu=tia'r rraalyeis, 0 ~ 1  tbe at&r h.ad, a 6 d  the ascent 
ba88 pre6eurr VI. -t of the exit area, end that  it 
vu eafabll8hed by thc tV0 diPenriandl base eeparation and re- 
attachmat criteria derived by Korat, et i l .  

O I U Y Y A M  A I I C I A P T  C M O l N C C R l N O  C O R C O R A l l O N  
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The flret andyeis reaulted in a nearly conetest area 
(lees than 1s m a t i o n )  for a baee preeeure change of iran 
.333 to 1.0 of the nozzle exit pre!eeure. 
thst the baee preseure l a  independent of the downstream areat 
ae long as the eirea is large enough to accamwdate a supersonic 
exiting flaw. The configuretion analyzed was the cold flow 
model, and the calculated ama v a s  approximately la lower 
than for the test model. 

This indicates 

The Martin a n d y s l e  reeulted in a base prersure of 
approximately 0.06 psia, for the full scale Lpf configuratian. 
This i e  conelderably laver than the level obtained In the c d d  
flow teete ( 0.3 psla). This dlecrepancy may be due, In part, 
to test c e l l  pre6SW build-up. 
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Conflguratlane Incorporating a flow deflector vill be emphasized 
I n  future work. 

A. Experimental: 

1. Cold flaw tseta: 
1/10 scale cou f law nitrogen t e a t s  using the 7:1 area 

r a t io  ca11ca.l nozzle will be conthued. A LM descent stage 
with provision for vent porta throu@ the descent stage will 
he wed. Various location and port sizes vlll be tested in  
conJunctlon with Conical and contoured flow deflectors. 
Ventlrrg betvean ule etagee will be M e r  investigated i n  an 
effort t o  seduce the requlred stage separation height. 

2. Hot flaw testa: 
A reelotsnce heater for use w i t h  the rig is presently 

lh ls  heater will allow hot flow testing 
U a i q  carbon dioxide a t  approxi- 

being fabriceted. 
to approximately 230008. 
mately 2 m  inlet temperature would produce a If i n  the 
r u e  of the arcent e n e  &suet products. 
8 d . i n g  of the ament eagina nozele a8 well aa the descent 
atage, and rhould remilt In an exit Mach nmber and pressure 
profile rinrilar to  that of the full scale configuration. 

This would a l l o w  

The mort pKIlPirirrg port* conflguratlon determined A.om 
the cold d w  tests w l 3 l  be hot flaw tested, and heating data, 
a8 well  a8 gredpaunlc characterirtice, will be obtained. 

_ _ _ _  ~ ____  ..___.. -... . - .  . - . - - -- . - -  - . - - - . . -. . - . ... - . . . _. . - . . -. . 
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CONTOUR - \WUC€O SHOCK 

I 
?*&) CONTOUR ASCENT WOZZLB - NO DE0CBNT STAGE 

WUNDAUV - - - -  
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(b) CONTOUR ASCENT NOZZLE - DESCENT STACE 
W\TH \240 \Na OF DOWNSTRIEAM VENT AREA 

Contract No. NAS 9-U.00 
Primary Code No. 702 
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(dI CON\CAL ASCENT NOZZLE - DESCENT STACE W \ T H  S\DE 

VENT\NC - NOZZLE OVER€XQANQ€O 9 FLOW\NC FULL 

$HOCK *- 

(e > CON\CAL ASCONT N0ZZL.E- DESCENT 3TACE W\TH S \ D E  

V € N T \ N C  - N0ZZL.E UNDER€XQANOEO 

Contract No. NAS g-llOO 
Primary code No. 702 

Report No. Lm 51 0- 3 
Dated 23 J u l y  1967 
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F\GURE - \ (CONCLUDED) 
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